Abstract-This paper presents the results that were obtained in the scope of a consultancy study developed by INESC TEC for a Portuguese distribution network company to evaluate the interest of installing storage devices and PV panels in LV installations. We conducted simulations for consumers with annual demands of 5000 kWh (Type C consumers) and 7500 kWh (Type B consumers). In general, we concluded that the installation of storage devices is still of little economic interest given the current investment level and the tariffs paid to inject electricity in the networks. The largest NPV values were obtained when only installing PV panels in Type B consumers, the larger ones, and selling the surplus energy to the network.
INTRODUCTION

A. Energy Storage Evolution
This paper reports the main results obtained in the scope of a consultancy study developed by INESC TEC to a Portuguese utility, EDP Distribuição, in order to evaluate the impact of energy storage solutions connected to low voltage (LV) Portuguese installations. On the other hand, this paper extends the results reported in a previous paper presented on EEM2015, in which this impact was evaluated for small consumers, termed as Type C consumers. In this paper, we are now including results for larger LV consumers, termed as Type B, as well as comparisons between the results obtained for these two classes of consumers.
In recent years, energy storage technologies have gained an increasing relevance namely for generation and distribution companies, system operators, retailers, manufactures, researchers and state agencies. There are a significant number of potential advantages associated to the introduction of these technologies in power system, for instance, related with the possibility of enlarging the share of generation coming from volatile sources as wind and photovoltaic (PV) units, voltage support, transmission congestion relief and possible deferral of investment in transmission and distribution assets. However, introducing energy storage systems in power systems brings several challenges. In the first place, the investments in these units should be cost effective, to enable economic growth, increase competitiveness and to make energy available for all. Secondly, there are policy and regulatory issues for instance related with market design, with the legal and regulatory framework designed for storage units and in a general way to establish who can do what when speaking about storage [1] . In fact, storage units can be used for a variety of purposes, namely to store energy produced by a wind park, to supply peak demand thus reducing congestion in network equipments, for arbitrage purposes profiting from the spread of the market peak and off peak prices. Some of these uses can be included in network activities, some others are typical of retailers or consumers while some others can be developed by generation companies. This ultimately means that the regulatory and legal design should establish how each agent can use storage devices, namely generation companies, network providers, retailers and consumers thus determining the business models to be adopted. On the other hand, the evolution of power systems in recent years suggest that they will evolve to more decentralized models and to increase the local energy autonomy together with a larger emphasis on demand side management tools.
In Portugal the number of micro and small electricity producers has been increasing profiting from the opportunities opened by new legislation allowing using the produced energy for self-consumption and selling the excess to the grid. The dissemination of microgeneration solutions on LV, end user installations, namely PV units also contributes to the emergence of solutions enabling a more effective management of the generated energy increasing the operation flexibility of these microgeneration units.
In this scope, the Decree no 153/2104 passed in Portugal in the October 20, 2014, frames the operation of generation units for self-consumption and its provisions are important to establish several assumptions adopted in the simulations detailed in the paper. The most relevant provisions of this Decree are listed below [2] :
• The energy generated in the installation where the Unit for Self-Consumption Generation, USCG, is located can be consumed locally and eventual excessive energy regarding local demand can be injected in the distribution network (article 7); • The USCG shall be designed so that the generated energy is close to the local demand (article 8); • The instantaneous excessive generated energy can be injected in the distribution network and shall be paid at the wholesale market price considering a reduction of 10% in order to compensate the costs due to the injection of energy in LV networks (article 24);
Considering the rapid evolution of micro generation and storage solutions, this paper reports the results of the economic evaluation of installing PV systems together with storage devices in LV end user installations. In this study, we analysed several scenarios related with different business models considering the installation of PV panels alone, of PV panels together with storage and the possible use of storage equipment for price arbitrage purposes. These simulations were conducted for Type C (annual demand up to 7140 kWh) and Type B (annual demand larger than 7140 kWh) in order to investigate how the demand level impacts on the economic performance of each possible solution. In particular, we used a Type C consumer with an annual demand of 5000 kWh and a Type B consumer with an annual demand of 7500 kWh.
Having in mind these ideas and objectives, this paper is structured as follows. After the Introduction, Section II gives an overview on energy storage solutions as well as their typical applications. Section III describes the adopted methodology to conduct the economic evaluation mentioned above and Section IV describes the results that were obtained for Types B and C consumers. Finally, Section V describes works to develop in the future and Section VI outlines the main conclusions.
II. STORAGE SOLUTIONS
The installation of storage equipments in power systems is justified by several reasons but the most relevant one is perhaps to increase its operation and management flexibility. Among available storage technologies, pumping hydro is used for several years and it is still the storage technology that by far has the largest capacity share. In recent years, there is a renewed interest for pumping hydro as a way to accommodate volatile generation (from wind and PV units). As an example, by the end of 2014, Portugal had an installed generation capacity of 17.834 MW, from which 5269 MW in large hydro stations (1300 MW in pumping stations), 415 MW in small hydros below 10 MVA, 4541 MW in wind parks and 396 MW in PV units. Wind parks correspond to about 25% of the total capacity thus justifying recent and ongoing investments in pumping hydro stations.
Apart from traditional pumping hydro units, there is currently a wide range of storage technologies that convert electricity in other types of energy (e.g., mechanic, chemical, electrochemical, and thermal), that is then converted back to electricity. It is expected that some of these technologies get sufficiently mature to be successfully introduced in the market enabling their wide spread deployment.
As mentioned in the Introduction, storage devices can be installed in view of several possible applications as price arbitrage, provision of reserve services, enabling a larger integration of units using volatile primary resources (as wind and PV units), deferral of investments in distribution networks and to help managing these networks in terms of reducing losses and improving the voltage profile [3] . Apart from this wide number of possible applications, it is also true that storage technologies have very different characteristics (in terms of unit investment and operation costs, response time, discharge rate, number of cycles, …) which means that the success of installing and using a specific technology very much depends on its appropriate choice in view of its application. This means is important to identify clearly the advantages and disadvantages of each technology having in mind its possible application area and objectives to achieve. In order to help selecting the most appropriate technology, storage devices can be grouped in the next three main areas:
-Large scale storage (LS), devices directly connected to the transmission system; -Small scale storage (SS), devices directly connected to the distribution system or end user installations; -Large and small scale storage (LSS), equipments that can be connected both to the transmission or distribution networks and to end user installations.
In this scope, and according to the available literature, Table I provides a classification of storage technologies currently available indicating for each of them its most typical application area (LS, SS or LSS) as defined above. 
III. DEVELOPED METHOLOGY
A. General Aspects
As mentioned in the Introduction, it was our purpose to analyse the economic performance of several business models involving the installation of PV and storage units in LV end user installations. We used demand and PV microgeneration profiles that are publicly available for 2014 in the web site of the Portuguese Energy Regulatory Agency, ERSE [4, 5] on a 15 min discretization basis. For the demand, we used profiles for Types B and C consumers. Profile B is for consumers with an annual demand larger than 7140 kWh, and Profile C corresponds to consumers with a demand below that level. Thus, we used an annual demand of 7500 kWh for Type B and 5000 kWh for Type C consumers. Assuming these values, we admitted that Type B consumers have a contracted power higher than 6.9 kVA and Type C have a contracted power below 6.9 kVA. We also admitted that these consumers have a supply contract with the Regulated Retailer so that their tariffs are entirely publicly available since they are set by the Regulatory Agency. These consumers can select one of the four Time of Use, ToU, tariffs with two or three time steps and each of them with a daily or a weekly cycle. Furthermore, we admitted that these tariffs are updated along the period under analysis at 1.5% above the expected inflation rate, so that a total increase of 2.5%/year was used in the simulations.
Given that our focus is on small-scale storage, we selected Lithium-ion batteries because of their maturity and performance. Table II presents the main technical characteristics of the batteries used in this study. We also admitted that going from complete discharge till a full charge state takes 3 hours and the price of Lithium-ion batteries was set at 200 €/kWh as expected in [6] for 2020. For the PV panels we used 1640 €/kWp and this value includes installation and electronic control equipments costs. The economic performance of investing in storage equipments and / or PV panels was assessed using the Net Present Value, NPV, given by (1).
(1) In this expression, CF i is the Cash-Flow for year i and T a is the discount rate. In the simulations we used 8% for the discount rate and the evaluation horizon was set as the smaller of the life times of the equipments used in each simulation. If we are just considering PV panels, then we used 20 years. If the investment includes Lithium-ion batteries, the horizon is reduced to 12 years.
Regarding the simulations, for each 15 min time step of the horizon we get the value of the PV generation and of the demand from the profiles mentioned before. Then, we considered two situations as follows: i) No storage device is installed -the amount of PV generation is compared with the LV demand. If there is an excess, then Case 2 admits selling it back to the network. If local generation is insufficient, then the grid supplies the difference;
ii) A storage device is installed -in this case we take into account the charging level of the battery, the hour of the day and the assumptions assumed in each business case related with the management of the battery to decide to store electricity, to supply the demand or to buy from the network profiting from lower price periods.
Once the simulation horizon is completed, we estimate the yearly cash flows using the yearly energy values bought from the grid and sold to the grid. These amounts are then compared with the value of the energy bought from the grid without storage and PV panels. The differences of these yearly cash flows are used to compute the NPV using (1).
B. Case Studies
The NPV was calculated for several scenarios that are described below. Case 1 only considers PV panels, Case 2 emulates the Portuguese self-consumption legislation and Cases 3 and 4 represent different business models foreseen in the future regarding the installation of PV panels and / or storage units in LV. The mentioned scenarios are as follows:
• Case 1 -installation of PV panels in order to supply the LV demand. In this case we are not considering the possibility of selling the instantaneous generation excess to the network; • Case 2 -the installation of PV panels to supply the LV demand and possibility of selling the instantaneous excess generation to the grid, according to the legislation in Section I. This energy is paid at the wholesale market price reduced by 10%. We used the average price of the MIBEL for 2012 of 48.07 €/MWh reduced by 10%, as indicated above; • Case 3 -installation of PV panels and batteries. PVs are used to supply the local demand and the excess generation is stored in the battery for later use or when local generation is more reduced than local demand. Therefore, the combination of these two equipments aims at reducing the energy dependency from the grid.
• Case 4 -this case just considers the installation of a storage system to buy and store energy in off peak hours beyond the local demand. The stored energy is used for self-consumption in peak hours. In these periods, if the stored energy is insufficient to supply the demand, the rest is bought from the grid.
As detailed in Section IV, we considered Types B and C consumer profiles as well as different values for the capacity of the batteries and of the PV units.
IV. RESULTS OF THE SIMULATIONS
A. Case 1
Tables III and IV display the values obtained for the NPV for each time of use tariff and for capacities of the PV panels from 1 to 10 kWp for Types C and B consumers. For a Type C consumer the best option is to install PV panels with a capacity of 1 kWp. The largest NPV value is obtained for a two steps tariff (dual tariff) with a daily cycle (NPV = 1554.75 €). For a Type B consumer with a yearly demand of 7500 kWh the best choice is to install 2 kWp PV panels. The largest NPV value is obtained for a ToU tariff with two steps with a daily cycle (NPV = 2572.64 €).
B. Case 2
According to the legislation mentioned in Section I, the power of the USGC should be selected so that the generated energy is close to the local demand. Assuming that the PV panels operate 1700 hours/year, a Type C consumer needs a PV system with a capacity of 2.5 kWp that corresponds to an annual generation of 4250 kWh. For Type B consumers the capacity of the PV system can go up to 4 kWp. Using again 1700 hours/year of operation, the panels generate 6800 kWh, below the 7500 kWh of yearly local demand. Let us remind that in this case the panels supply the local demand and sell the instantaneous excess generation to the grid. Tables V and VI display the NPV values for Types C and B consumers. The most interesting combination is 1 kWp + two step daily tariff for Type C and 2 kWp + two step daily tariff for Type B. These combinations are the same as the ones for Case 1. In Case 2 the NPV values are larger than in Case 1 (about 75.01 € and 281.46 € for Types C and B consumers) is due to the extra revenue obtained in Case 2 by selling the excess generated energy. For the same capacity of the PV panels, the energy bought from the network to supply the demand is the same in both cases and so the cost of buying this energy from the retailer is also equal. Table VII and Table VIII display the range of the number of solar hours that would be required to get the break-even of the investment for each time of use tariff and for different capacities of PV panels for the two types of consumers. Considering the best solution obtained for the Type C consumer (i.e., installation of 1 kWp PV panel) the panel shall operate from 780 to 900 hours to get the break-even of the investment. However, for Type B consumer this number reduces to 760 to 880 hours.
C. Case 3
Case 3 includes installing both PV panels and batteries. The excess generation from the PV panels is stored in the batteries for later use. Table IX and Table X display the results for a lithium-ion battery of 1 kWh for PV panels with a capacity ranging from 0.5 kWp to 5.0 kWp for Types C and B consumers considering a battery price of 200 €/kWh. For storage systems of capacity larger than 1 kWh the investment cost overrides the benefits and so the NPV values are below the ones in Table IX and Table X. According to the results in Table IX the best option corresponds to install PV panels with a capacity of 1 kWp together with a battery of 1 kWh. Regarding the tariff options, the most interesting one is once again the time of use dual tariff with daily cycle (NPV = 559.08 €). For Type B consumers the best solution changes again due to the increase of the annual demand. Now the best solution is to install 1,5 kWp PV panels keeping with battery of 1 kWh. With these equipments and considering a dual tariff with daily cycle, consumer B can obtain a NPV of 1075.90 €. These results also suggest that the profitability is directly related with the level of annual demand. In order to increase the NPV a Type B consumer needs to install PV panels with a larger capacity than the Type C user so that their generation gets closer to its local demand. Although the dependency from the network gets reduce when installing storage systems, the benefit is in general small to offset the still large investment cost. Comparing the results in this case with the results in Case 2, the benefits are not enough to justify the investment in storage devices. For instance, when installing a 1 kWp PV panel and a 1 kWh Lithium-ion battery the self-consumption is just increased by 1.28% regarding the installing only the PV panel. This marginal increase is due to the fact that most of the generated energy is used to supply the local demand.
The results presented above were determined admitting that in 2020 the price of the batteries reaches a level of 200 €/kWh. However, currently the reference price of the batteries is 500 €/kWh and so the investment in these devices is less advantageous from an economic point of view. Table XI and  Table XII display the results for a lithium-ion battery of 1 kWh for PV panels with a capacity ranging from 0.5 kWp to 5.0 kWp for Types C and B consumers considering a battery price of 500 €/kWh. For Type B consumers it is interesting to install PV panels of 1,5 kWp together with a battery of 1 kWh even for the current scenario of battery price. The best option corresponds to a consumer with a two steps daily tariff (NPV = 775.90 €). However, for Type C consumers the most favorable option shows residual economic gains for some tariffs, and consequently the results are worse than for the Type B consumers. Considering the installation of 1 kWp PV panels together with a battery of 1 kWh and a two steps daily tariff it is possible to get a NPV of 259.08 €.
D. Case 4
In this case we admit installing batteries to store energy in the off peak hours. The NPV was estimated for the capacities of the batteries indicated in Table XIII and Table XIV . The NPV values in these tables are all negative indicating that the business model associated with Case 4 is unfeasible for the battery price of 200 €/kWh and the current tariff levels. 
V. FUTURE WORKS
The economic feasibility of the installation of storage devices and/or PV panels in LV consumers depends on three main factors as indicated below:
A. Consumption level; B. Electricity households prices; C. Number of solar hours.
The main objective for future projects is to extend this economic analysis to other European countries and for that reason it is important to get information on how these three factors behave in some countries. As an illustration, Figure I presents the average number of solar hours per year and the electricity households prices in some countries/cities [7] [8] .
According to the Figure 1 we can see that in countries such as France, Greece, Spain and Italy it would be interesting to carry out a similar study because they have a larger number of sun hours and electricity households prices similar to the ones in Portugal. In other countries having a more reduced number of solar hours, the economic interest of investing in storage and PV panels would also have to further analysed in order to check if that reduction does not compromise the investment. 
VI. CONCLUSIONS
This paper reports the results of a number of simulations to evaluate the economic interest of installing storage devices and/or PV panels in LV installations. In general, we concluded that the current investment cost in Lithium-ion batteries and the current electricity tariffs turn the investment in these batteries of little interest. The largest NPV values were obtained when only installing PV panels and the economic performance grows for larger demand levels. As technologies evolve and costs most likely tend reduce, it is important to update this type of evaluations to monitor more closely the interest in investing in small-scale storage.
